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ABSTRACT  1 
 2 
Background: Associations between sitting-time and physical activity (PA) with depression 3 
are unclear. 4 
Purpose: To examine concurrent and prospective associations between both sitting-time and 5 
PA with prevalent depressive symptoms in mid-aged Australian women. 6 
Methods: Data were from 8,950 women, aged 50-55 years in 2001, who completed mail 7 
surveys in 2001, 2004, 2007 and 2010. Depressive symptoms were assessed using the Center 8 
for Epidemiological Studies Depression questionnaire. Associations between sitting-time (≤4, 9 
>4-7, >7 hrs/day) and PA (none, some, meeting guidelines) with depressive symptoms 10 
(symptoms/no symptoms) were examined in 2011 in concurrent and lagged mixed effect 11 
logistic modeling. Both main effects and interaction models were developed. 12 
Results: In main effects modeling, women who sat >7 hrs/day (OR 1.47, 95%CI 1.29-1.67) 13 
and women who did no PA (OR 1.99, 95%CI 1.75-2.27) were more likely to have depressive 14 
symptoms than women who sat ≤4 hrs/day and who met PA guidelines, respectively. In 15 
interaction modeling, the likelihood of depressive symptoms in women who sat >7 hrs/day 16 
and did no PA was triple that of women who sat ≤4 hrs/day and met PA guidelines (OR 2.96, 17 
95%CI 2.37-3.69). In prospective main effects and interaction modeling, sitting-time was not 18 
associated with depressive symptoms, but women who did no PA were more likely than those 19 
who met PA guidelines to have future depressive symptoms (OR 1.26, 95%CI 1.08-1.47).  20 
Conclusions: Increasing PA to a level commensurate with PA guidelines can alleviate current 21 
depression symptoms and prevent future symptoms in mid-aged women. Reducing sitting-22 
time may ameliorate current symptoms.23 
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 24 
BACKGROUND  25 
Depression is an important public-health problem; approximately 6% of the population has 26 
major depression each year and the lifetime prevalence ranges from 11-15% across countries.1 27 
Major depression has increased from the 15th cause of adult disease burden in 2000, to the 28 
11th cause in 2010.2 Furthermore, depressive disorders are projected to be the second leading 29 
cause of burden of disease worldwide by 2030, and the leading cause in high income 30 
countries.3 To reduce this burden, it is critical to identify factors associated with the 31 
prevention and management of depression.  32 
 33 
Regular physical activity (PA) is associated with reduced risk of depression,4;5 with 34 
prospective studies in adults in different age groups showing protective effects of PA against 35 
depression 2 to 26 years later.6;6-14 Another lifestyle factor that may be important is sedentary 36 
behavior, which is typically defined as any waking activity characterized by an energy 37 
expenditure ≤ 1.5 metabolic equivalents and a sitting or reclining posture15;16, and is often 38 
conceptualized as sitting-time in epidemiological studies.17 Although there is increasing 39 
evidence suggesting that sitting-time is associated with poor cardiovascular and metabolic 40 
health outcomes18-20 and decreased life expectancy,21;22 less is known about the association 41 
between sitting-time and psychological outcomes such as depression.23   42 
 43 
Cross-sectional studies show an inverse association between sedentary time and mental health 44 
in older adults,24;25 disadvantaged women,26 and overweight and obese adults.27;28 Prospective 45 
studies have also demonstrated an inverse association for time spent watching television 46 
and/or using a computer after 1 year,29 6 years,30 and 10 years.29 However, no studies have 47 
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examined sitting-time and PA over multiple time points, and only one examined their 48 
combined effects on depressive symptoms.  49 
The aim of this study was therefore to examine the concurrent and prospective associations 50 
between sitting-time and PA, individually and in combination, with prevalent depressive 51 
symptoms in mid-aged Australian women over a 9-year period.  52 
 53 
METHODS  54 
Australian Longitudinal Study on Women’s Health (ALSWH) 55 
ALSWH (www.alswh.org.au) is a prospective study of factors affecting the health and well-56 
being of three cohorts of Australian women born in 1973-1978, 1946-1951 and 1921-1926.31 57 
They were randomly selected from the national Medicare health insurance database, with 58 
oversampling of women from rural and remote areas.32 Starting in 1996, mail surveys have 59 
been administered every 3 years on a rolling basis. The study was approved by Ethics 60 
Committees at The University of Queensland and the University of Newcastle, and informed 61 
consent was received from all respondents. 62 
 63 
Participants and surveys 64 
Data were from women born in 1946-1951 who responded to the surveys in 2001 (n=11,226), 65 
2004 (n=10,905), 2007 (n=10,638) and 2010 (n=10,011). Data were included from 8,962 66 
women who had complete data on depressive symptoms, sitting-time and PA in 2001 and at 67 
least one other survey. Twelve women who reported across all surveys that their health 68 
limited their ability to walk100 meters “a lot” were excluded, leaving data from 8,950 women 69 
for analyses, with a total of 35,800 observations. Notable differences between women 70 
included and women excluded from the analysis were that excluded women generally had 71 
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lower education levels, were less likely to be employed or worked fewer paid hours, and had 72 
more difficulty managing on their income (Table 1). 73 
 74 
Measures 75 
Depressive symptoms were assessed with the 10-item version of the Center for 76 
Epidemiological Studies Depression questionnaire (CES-D 10).33 Respondents rated the 77 
extent to which they experienced cognitive, affective and behavioral symptoms in the last 78 
week (e.g., guilt, worthlessness, helplessness, psychomotor retardation, loss of appetite, sleep 79 
difficulties), using a 4-point ordinal scale ranging from rarely or none of the time (no points) 80 
to most or all of the time (3 points). Scale scores range from 0-30 points, with a score of ≥10 81 
indicative of mild-moderate levels of depressive symptoms.33 For this study, scores were 82 
dichotomized as ‘depressive symptoms’ (score ≥10) or ‘no depressive symptoms’ (score <10). 83 
The one to four week (average 22 days) test-retest reliability of the CES-D10 is satisfactory (r 84 
=.71), as is convergent validity with health status scores (r =.37) and positive affect (r =-85 
.63).33 Furthermore, the CES-D10 has good predictive accuracy compared with the 20-item 86 
version (kappa = .97),33 which has good concurrent validity with a range of self-report and 87 
clinical criteria.34 88 
 89 
Sitting-time was assessed by the following questions: How many hours each day do you 90 
typically spend sitting down while doing things like visiting  friends, driving, reading, 91 
watching television or working at a desk or computer on a usual a) weekday; b) weekend 92 
day?. This item is similar to the one used in the International PA Questionnaire, which, in 93 
women, has good test–retest reliability with Spearman correlations of 0.77 and 0.85 for week-94 
day and weekend-day sitting-time, respectively.35 Details about the management of sitting-95 
time data  have been reported elsewhere.36;37 Mean sitting-time (hours/day) was calculated as 96 
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[(weekday sitting x 5) + (weekend day sitting x 2)]/7, and categorized using tertiles (rounded 97 
to whole hours) of ≤4 hrs/day, >4-7 hrs/day or >7 hrs/day. 98 
    99 
Items to assess PA were adapted from the Active Australia questionnaire.38 These items 100 
assess the duration of time spent in the previous week walking briskly, in moderate-intensity 101 
leisure-time PA and in vigorous-intensity leisure-time PA. The questionnaire has acceptable 102 
test–retest reliability (PA minutes/week: Spearman’s rho=0.64) and acceptable validity 103 
(correlation pedometer steps and total PA, r=0.43; correlation accelerometer counts and PA≥3 104 
metabolic equivalents, r=0.52)  in mid-aged women.39 A PA score was calculated as the sum 105 
of the products of time in each of the three activities and a metabolic equivalent value 106 
(MET)40 assigned to each activity: (walking minutes*3.0 METs) + (moderate PA*4.0 METs) 107 
+ (vigorous PA*7.5 METs). The PA score was then categorized as no PA (<40 108 
MET.minutes), some PA (40-600 MET.minutes), or meeting PA guidelines (>600 109 
MET.minutes). The category ‘meeting guidelines’ is comparable with recommendations to do 110 
at least 150 minutes of moderate-intensity PA per week.4   111 
 112 
For the composite sitting-time and PA variable, the three levels of sitting-time and the three 113 
levels of PA were combined to provide nine categories (Tables 2, 3, 4). Covariates were 114 
identified from relevant previous studies,12;26;29;30;41 and included socio-demographic 115 
variables, health-related variables, health behaviors  and social variables, as shown in Table 1.  116 
 117 
Analyses 118 
Analyses were conducted in 2011 using STATA (Stata Corporation, Release 10.1, College 119 
Station, TX), with statistical significance set at p≤ 0.05. Concurrent and prospective 120 
associations between sitting-time and PA with depressive symptoms were examined in 121 
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concurrent and lagged mixed effect logistic models (Stata function xtlogit) with random 122 
intercepts for respondents. Concurrent (i.e. sequential cross-sectional) models were used to 123 
examine associations between sitting-time and PA with depressive symptoms at four survey 124 
points (2001, 2004, 2007 and 2010). These models do have a longitudinal element, as they 125 
take into account that repeated observations from the same person are not independent of each 126 
other, and the overall estimates take within-subject correlations into account. Lagged models 127 
were used to examine prospective associations between sitting-time and PA in 2001, 2004, 128 
and 2007 with depressive symptoms in 2004, 2007, and 2010 respectively. Thus, sitting-time 129 
and PA preceded depressive symptoms by 3 years in the lagged models. Furthermore, to 130 
examine potential reverse causation, lagged mixed effect ordered logit models (Stata user 131 
written function GLLAMM) were used to examine the associations between depressive 132 
symptoms in 2001, 2004 and 2007 with sitting-time and PA in 2004, 2007 and 2010, 133 
respectively. 134 
 135 
Associations were examined in unadjusted and adjusted main effects models, including both 136 
sitting-time and PA variables, and interaction models including the composite variable. The 137 
variables in the unadjusted models included sitting-time and PA, survey time period, and area 138 
of residence. CES-D10 status (symptoms/no symptoms) at baseline in 2001 was also included 139 
as a confounder in lagged unadjusted models. The adjusted models also included all 140 
covariates (Table 1). Reverse causation models examining the association between depression 141 
status and future sitting-time and PA included sitting-time and PA in 2001 as covariates and 142 
were adjusted for the same covariates as the main effects and interaction models. 143 
 144 
RESULTS 145 
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Characteristics of the analysis sample are presented in Table 1. In 2001, when the women 146 
were aged 50-55 years, one in five (20.8%) had depressive symptoms; this proportion 147 
decreased slightly over time (Table 2). Overall, 63.0% of the women did not have depressive 148 
symptoms at any time point and 5.1% reported symptoms at each of the four time points, or at 149 
one (17.3%), two (8.9%) or three time points (5.6%). Sitting-time and PA levels increased 150 
over time, with higher proportions of women sitting >4 hrs/day and meeting PA guidelines at 151 
the later surveys (Table 2). 8.5% of the women sat ≤4 hrs/day, and 24.0% met PA guidelines 152 
at all four time-points. 153 
 154 
In concurrent main effects modeling, using data from four time points over nine years, sitting-155 
time and PA were each significantly associated with depressive symptoms (Table 3). Women 156 
who sat >4-7 hrs/day or >7 hrs/day were up to 1.5 times more likely to have depressive 157 
symptoms than women who sat ≤4 hrs/day (OR 1.17, 95%CI 1.05-1.32 and OR 1.47, 95%CI 158 
1.29-1.67, respectively). Current depressive symptoms were also more likely for women who 159 
did some PA (OR 1.24, 95%CI 1.12-1.38) and twice as likely for those who did no PA (OR 160 
1.99, 95% CI 1.75-2.27) compared with those who met PA guidelines. In concurrent 161 
interaction modeling, there was a gradual increase in risk of depressive symptoms with higher 162 
levels of sitting-time and lower levels of PA, up to a tripled risk in women who sat >7 hrs/day 163 
and did no PA (OR 2.96, 95%CI 2.37-3.69, Table 3).   164 
 165 
In prospective (time-lagged) main effects and interaction models, once again using data from 166 
four time points over nine years, PA was associated with future depressive symptoms, but 167 
sitting-time was not (Table 4). In main effects models, women who did no PA were more 168 
likely to have future depressive symptoms than women who met PA guidelines (OR 1.26, 169 
95%CI 1.08-1.47). In interaction models, women who did no PA, regardless of their sitting-170 
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time, had a significantly increased risk of future depressive symptoms compared with women 171 
who sat ≤4 hrs/day and met PA guidelines (Table 4). 172 
 173 
Depressive symptoms were associated with future sitting-time and PA in simple prospective 174 
models (Table 5), but only the association with PA remained significant in adjusted models. 175 
Compared with women without depressive symptoms, women with depressive symptoms 176 
were less likely to increase their PA from none to some, or from some to meeting guidelines 177 
(OR 0.80, 95%CI 0.72-0.88).  178 
 179 
DISCUSSION  180 
This study examined associations between sitting-time and PA, separately and in 181 
combination, with current and future depressive symptoms over 9 years, in Australian women 182 
aged 50 to 55 years in 2001. Higher sitting-time and lower PA were associated with increased 183 
risk of current symptoms, with the combination of high sitting-time and no PA being 184 
associated with a tripled risk. Sitting-time was not associated with future depressive 185 
symptoms. Doing no PA, regardless of the amount of sitting-time, was associated with 186 
increased risk of future symptoms.  187 
 188 
These results are consistent with other cross-sectional studies demonstrating that PA is 189 
inversely associated with risk of depression23 and that high sitting-time is associated with 190 
poor mental health.24-28 The current study adds that the link between sedentary behavior and 191 
depressive symptoms is not limited to younger, 26 older24;25 or overweight population 192 
groups27;28 or to sedentary behavior associated with screen time only.25-27 This study extends 193 
previous cross-sectional work by considering the combined effects of sitting-time and PA, 194 
and is consistent with other research demonstrating that combinations of high sedentary 195 
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behavior (screen-time) and no PA are associated with the lowest health related quality of life 196 
in adults.42  197 
 198 
The inverse association between PA and future depressive symptoms is consistent with other 199 
prospective studies.43-45 In contrast to the current study however, three previous prospective 200 
studies have shown significant positive associations between sedentary behavior and 201 
depression.29;30;46 In the US Nurses’ Health Study, there was an increased risk of depression 202 
over 10 years among women aged 63+ years who watched TV >21 hrs/week compared with 203 
those who watched TV <1 hour/week.29  Spanish university graduates (mean age 42 years), 204 
who spent >42 hrs/week watching television and using a computer were more likely to 205 
develop a mental disorder over 6 years than those who did this for <10.5 hrs/week.30 A 206 
Swedish study of adults aged 18-25 years found a positive association between computer and 207 
internet time with depressive symptoms over 1 year.46   208 
 209 
The differences between these previous findings and the current study may be explained in 210 
part by the diversity of sedentary behavior and depression measures. Previous studies have 211 
typically assessed sedentary behavior as time spent watching television and/or using a 212 
computer,29;30;46 whereas the current study used a more comprehensive measure. Some results 213 
suggest that the association between sedentary behavior and mental health may differ by 214 
domain (e.g. leisure, transport, or work)47 in the same way that associations between PA and 215 
depression can differ by domain.48;49 The measure of depression could also affect the 216 
association, with studies using as measures self-completed screening tools,46 use of prescribed 217 
antidepressants,29 measures of depression only,29 or measures that combine depression, 218 
anxiety and stress.30 As a result, participants classified as ‘depressed’ can vary widely among 219 
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studies. The length of follow up and the different categorizations of sedentary behavior could 220 
further explain the different findings. 221 
 222 
There are several potential explanations for why sitting-time was cross-sectionally associated 223 
with depressive symptoms, but not prospectively. One explanation could be that sitting-time 224 
is not associated with future depression. Other potential explanations are that a prospective 225 
relationship may be evident only over a shorter time frame than the three year time lag used in 226 
this study, or that the strength of the association varies over time as a result of the episodic 227 
nature of depression, making it difficult to establish causality. Reverse causation could also 228 
explain the findings. As anhedonia, psychomotor retardation, fatigue, and loss of energy are 229 
common depressive symptoms, depression could precipitate sedentary behavior.41 However, 230 
although significant in unadjusted analyses, depressive symptoms were not associated with 231 
future sitting-time after adjusting the analyses. In contrast, women with depressive symptoms 232 
were significantly less likely to increase their PA over time, indicating a bi-directional 233 
relationship between PA and depressive symptoms. This is consistent with previous findings 234 
that depression leads to a less active lifestyle.50;51 235 
 236 
Prospective analyses of the combination of sitting-time and PA indicated that women who 237 
reported no PA, and any amount of sitting-time, had an increased risk of future depressive 238 
symptoms. Only one other study has examined the combined effects of sedentary time and PA 239 
with future depression. In their study of Spanish University graduates, Sanchez et al. observed 240 
a 25% lower risk of mental disorders after 6 years among those with high PA and low 241 
sedentary time compared with those with low PA and high sedentary time.30 As in the current 242 
study, the decreased risk associated with higher PA levels was irrespective of sedentary time.  243 
 244 
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Potential physiological mechanisms underpinning the inverse association between PA and 245 
depression include changes in endorphins, core body temperature, central serotonergic 246 
systems, availability of neurotransmitters, and blood flow to brain regions involved in 247 
emotional regulation, as well as disruption of the hypothalamic-pituitary-adrenocortical axis 248 
that regulates endocrine response to stress, and improved sleep.43;52-55 Psychosocial 249 
mechanisms include distraction, enhanced feelings of control and mastery, improved self-250 
esteem and physical worth, behavioral activation, and social interactions.43;52-55 Much less 251 
work has examined the mechanisms that underpin relationships between sedentary behavior 252 
and depression, although they may be similar to those proposed for PA. Behavioral theory 253 
posits that insufficient environmental reinforcement contributes to depression. A key 254 
component of treatment is therefore to reduce behavioral inactivity (e.g. sedentary behavior) 255 
so as to increase opportunities for reinforcement, for example via mastery and pleasurable 256 
experiences.56 This also enables the person to develop an understanding between actions and 257 
emotions, so that they can identify what actions increase or relieve symptoms. Empirical 258 
evidence indicates that behavioral activation is an effective treatment for depression. 259 
 260 
Strengths of the current study include a large population-based sample, 9-year follow up and 261 
the inclusion of measures of sedentary behavior and PA at multiple time-points. Limitations 262 
are that sedentary behavior and PA were assessed using self-report measures, and that detailed 263 
information about the domains of sedentary behavior was not available. While self-report 264 
measures are appropriate for large scale surveillance,57 the strength of the associations may 265 
have been underestimated, as recall of unstructured behaviors like sitting-time can be 266 
difficult. Although ALSWH participants were representative of mid-aged Australian women 267 
in 1996,32 women with lower socioeconomic status and worse health were more likely to drop 268 
out from the study,58 which may affect the generalizability of results.   269 
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 270 
Conclusion  271 
Both high sitting-time and low PA were associated with increased risk of current depressive 272 
symptoms, and in combination, the risk further increased. However, only lack of PA was 273 
associated with increased risk of future depressive symptoms, irrespective of sitting-time. 274 
Women with depressive symptoms were less likely to increase PA levels over time, 275 
suggesting a vicious circle whereby inactive women are more likely to become depressed and 276 
those who are depressed are less likely to increase PA.   277 
 278 
Based on these findings, lifestyle interventions for depression in mid-aged women should 279 
include strategies to increase PA, to a level commensurate with meeting PA guidelines, to 280 
both alleviate current depressive symptoms and prevent future symptoms. There may be some 281 
justification for strategies to reduce sitting-time to alleviate current symptoms. More 282 
prospective and intervention studies are needed to clarify these associations, and their 283 
direction. Furthermore, future studies should clarify the role of domain specific sitting-time. 284 
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